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Increase potato profits 


Treat seed pieces with 
Pont SEMESAN BEL 


Only ‘‘Semesan Bel” helps control all these diseases: 


Bacterial ring rot Seed-borne scab 
Black leg Fusarium 
Rhizoctonia Verticilium wilt 


e Improves your yield and profit—Time and again in 
field tests, under actual growing conditions, seed pieces 
treated with ‘“‘Semesan Bel’”’ have given better yields than 
pieces treated with other disinfectants or protectants. 


e Gives better quality — Watch your yield of No.1 pota- 
toes rise when you plant seed pieces treated with ““Semesan 
Bel’! And that’s where you make your money! 


“‘Semesan Bel”’ is easy to use. It mixes easily with water: 
you simply dip seed pieces into the solution, drain and 
let dry. No long soaking needed. One pound of “‘Semesan 
Bel” in 7! gallons of water will treat 60 to 80 bushels 
(36 to 48 sacks) of seed. Get a supply of Du Pont “‘“Semesan 
Bel” from your dealer and see for yourself. 


On all chemicals follow labeling instructions and warnings carefully. 


SEMESAN BEL’ 


THINGS FOR BETTER LIVING seed disinfectant 
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Now nutgrass, seedling Johnson grass 
and other annual grasses can be con- 
trolled in Irish potatoes. You can stop 
them before they start with one applica- 
tion of EpraM herbicide applied directly 
to the soil. 

EpTAM knocks out nutgrass and an- 
nual grass seed as they germinate. 
Potato plants have a full chance to 
grow without competition for moisture 
and plant foods. You save 
money on cultivations, and 
have a cleaner crop to harvest. 

The liquid or granular for- 
mulation of EpTAM may be 


Stauffer 


used either at preplant or between 
drag-off and last cultivation. Immedi- 
ately after application incorporate (mix) 
EpTAM thoroughly in the soil. Now 
you are ready to grow potatoes without 
grass! 

EPTAM is also recommended for con- 
trol of annual grasses in snap and pole 
beans, dry beans, alfalfa, birdsfoot trefoil 
and other small seeded legumes. For 
more details, see your dealer, or 
write to Stauffer Chemical Com- 
pany, Agricultural Chemicals 
Division, 380 Madison Ave- 
nue, NewYork 17, NewYork. 


@Stauffer’s Reg. T. M. for an herbicide. 
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RESPONSE OF POTATOES TO DIFFERENT AMOUNTS OF 
NITROGEN, PHOSPHORIC ACID AND POTASH WHEN 
GROWN IN CONTINUOUS CULTURE AND IN 
ROTATION WITH REDTOP! 


Optanp.anp J. E. SHEENAN? 


An experiment was begun at the Rhode Island Agricultural Experi- 
ment Station in 1944 to obtain information on the effect of various amounts 
ind ratios of fertilizer materials on vield and quality of potatoes. A paper 
was published in 1956 (4) reporting the results obtained during the first 
10 vears of the experiment. This experiment was discontinued after the 
1958 harvest. 

In this paper, results obtained during the 14 year period will be 
summarized. It will include data from part of the work not previously 
reported, Results from ancther rotation experiment where soybeans were 
alternated with potatoes will also be presented. 


In 1951, each plot was divided into 2 sections. On the west half of 


each plot a rotation of 2 years of potatoes and 2 of redtop was begun, On 
the east half potatoes were grown continuously during the 14 year period. 

During the first 10 vears little response was obtained to increased 
rates of phosphorus or potassium in the fertilizer. This was because 
potatoes, with heavy fertilizer applications, had been grown on this area 
for a number of vears before the experiment had begun. 

Results with varying amounts of nitrogen were different. When the 
nitrogen amount was increased from 60 to 120 pounds per acre in various 
steps, the yields increased. However, there was little increase with appliea- 
tions beyond SO pounds of nitrogen per acre. 

Increasing the amounts of a 6-12-12 fertilizer from 1250 pounds per 
acre to 2500 pounds resulted in no increase in yield beyond the 2000-pound 
application. Later, when the fertilizer grade was changed to an 8-12-12, 
there was no response beyond 1750 pounds per acre of this fertilizer. 

It was concluded that the N, P2O;, and KO in the fertilizer for 
potatoes under these conditions should be gradually changed from. the 
customary 1-2-2 to one approaching a 1-1-1 ratio for continuous potato 
culture. An application of 1500 to 2000 pounds per acre of an 8-12-12, 
10-10-10, or similar fertilizer, would probably supply all the nutrients 
needed by the potato crop. 


MATERIALS AND METHODS 


A previous publication describes the details of how the experiment was 
conducted (4). Only a brief review will be included here. The soil on 
which the experiment was located is classified as a Bridgehampton. silt 
loam and has a pH of approximately 5.2. It was in a high state of fertility 
when the work was begun. Application rates ranged from 1250 to 2500 


1Accepted for publication June 30, 1960. Contribution No. 1007 of the Rhode Island 
\gricultural Experiment Station, Kingston, R. | 

2Professor and Chairman, Department of Agronomy and Assistant) Professor of 
\gronomy, respectively. This experiment was planned and begun by A. E. Rich who 
is now Plant Pathologist at the New Hampshire Experiment Station. 
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pounds per acre of a 6-12-12 fertilizer, This changed to rates of 1000 to 
2250 pounds per acre of an 8-12-12 grade in 1951. Beginning in 1950, an 
annual application af 200 pounds per acre of cvyanamid was made to a rve 
cover crop in the spring before plowing. 

Magnesium was added in all potato fertilizers to supply 40 pounds 
per acre of MgO. Muriate was used as the potash source in the early vears 
of the experiment. Since 1951, only sulfate of potash has been used. 

In the ratio study, nitrogen was varied from 60 to 150 pounds per 
acre. The range in PO; was from 80 to 225 pounds per acre throughout 


the entire period and K,O ranged from 135 to 270 pounds per acre. Since 
1950, these plots also have received 200 pounds per acre of cyanamid 
applied to the cover crop in the spring. 

\ll plots were split crosswise in 1951. One-half (W™4) was put into 
a rotation of 2 years redtop and 2 years of potatoes. The other half (EV ) 
remained in continuous potatoes. Potatoes were grown on the rotation 
areas (W'2) in 1953, 1954, 1957, and 1958. 

Green Mountain potatoes were grown during 1945-53 and Katahdin 
during 1954-58. Yields per acre and specific gravity of the tubers were 
determined. Samples were kept in storage for determination of keeping 
qualities, At various times, samples of tubers from selected plots were used 
also in cooking quality studies. 


Redtop was clipped several times during the season and left on the 
ground. An annual fertilizer application of 500 pounds per acre of an 
8-12-12 was used on redtop in this rotation. 


During 1946 to 1954 potatoes were also grown in a two-vear rotation 
with soybeans as a green manure crop in alternate vears. This rotation 
was located on an adjoining field. Soybeans were planted in late Mav 
following a rye cover crop and was disked in as green manure in nud-July. 
Then, another crop of soybeans was planted. This second crop was disked 
in about mid-September and a rye cover crop planted. This rotation was 
compared with continuous potatoes grown in adjacent plots. Potatoes and 
soybeans in this rotation received 1800 and 750 pounds per acre, respec- 
tively, of an 8-12-12 fertilizer. 


RESULTS 


The yields of potatoes have varied considerably from vear to vear, 
depending largely on the amount and distribution of rainfall. In 4 years 
out of 14, rainfall was insufficient and yield was reduced. In one vear, 
1954, a hurricane destroyed the vines on September 1 before growth was 
complete. During the other 9 years, very satisfactory yields were obtained. 


Fertilizer amounts 


Table 1 presents the yields obtained with various amounts of a 
standard 8-12-12 fertilizer. Average yields of 4 replicates each vear are 
given for the vears, 1951-1958; the averages for the 4 vears, 1953, 1954, 
1957, and 1958; and the averages for 1945-1958 for the continuously 
grown potatoes. On the West 12 where potatoes were grown only 4+ vears 
out of the 8 since 1951, the average yields for 1951-1958 would not. be 
comparable to those where the crop is grown every vear. Therefore, the 
comparison in yields will be made only for the four years when they 
appear in the rotation—1953, 1954, 1957, and 1958. 
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Taste 1.—Vields of potatoes with different amounts of fertilizer at the 
Khode Island Agricultural Experiment Station, 1945-1958 


Bushels per acre, U.S. No. 1 
Continuous potatoes 
1952 1953 1954 55 1956 1957 1958 


213 357 214 5: 27 371 

212 «6198 27 411 

231 386 272 5 2 442 

194 370 257 5 2 411 

210 383 78S 307. 41 

183 306 293 431 
Average 207. 250 505 2 413 
LSD at .05 

Redtop-potato rotation (W! 

1000 365 384 
1250 267 k . 392 
1750 = 3 38 414 


2250 : 367 422 


Average : 378 3 403 
LSD at .05 30 


*Previous to 1951 a 6-12-12 fertilizer was used. The rates were 250 pounds more per 
acre in each amount; thus making a range from 1250 to 2500 pounds per acre. Begin- 
ning in 1950, 200 pounds per acre of calcium cyanamid were applied to the rye cover 
crop before plowing in the spring. 


In considering average yields on the continuously grown potatoes for 
1951-1958, there was no significant increase in yields when the fertilizer 
application was increased from 1000 pounds of 8-12-12 per acre to 1250 
pounds. When this was increased to 1500 pounds, an average increase of 
40 bushels per acre was obtained. No further increases in average vields 
were obtained with amounts above 1500 pounds per acre. The same applies 
when averages for 1953, 1954, 1957, 1958 or for 1945-1958 are considered. 

In considering potato yields in the rotation, there was a higher vield 
obtained in nearly every instance when potatoes followed redtop than 
where potatoes were grown continuously, regardless of the fertilizer amount 
used. The average vield for all treatments for 1953, 1954, 1957, and 1958 
in the redtop rotation was 403 bushels per acre compared with 332 bushels 
where potatoes were grown continuously. Gene ‘rally, potato vields showed 
the most benefit the first vear following redtop. In 1953 the average vields 
of all plots following redtop was 490 bushels and only 373 bushels on the 
continuous potato plots. In 1954 there was a difference of only 60 bushels. 
However, vields were low on both series of plots on account of the abbrevi- 
ated season caused by the hurricane on September 1 of that year. 

There was a small but consistent increase in vields when fertilizer was 
increased to 1,750 pounds per acre where potatoes were grown in rotation 
with redtop. 

In sy a very dry year, the yields were again low, but an average 
increase of 87 bushels per acre was obtained following redtop compared 


j Averages 
8-12-12* 53-54 
a 1951 51-58 57-58 45-58 
332 
339 
: 

355 
308 

352 
13 
a! 
| 
5 
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to continuous potatoes. The average yield following redtop was 378 bushels 
per acre and on the continuous potato plots, 291 bushels. In 1958, which 
Was an exceptionally wet year, excellent yields were obtained on all plots 
regardless of treatment. The average yield for all treatments on continuous 
potato plots was 413 bushels per acre and on the redtop rotation, 434 
bushels. 

In other experiments at this Station (5,6), redtop has proved very 
beneficial as a crop to grow in rotation with potatoes. Redtop sod has 
usually produced 50 to 100 more bushels of potatoes per acre than has land 
in continuous potatoes. Redtop has been more effective than clover, 
timothy, or various mixtures of timothy and clover. Both alsike and red 
clover have been used. 


Fert liser ratios 

Table 2 shows potato yields on the plots where various fertilizer 
ratios were compared. Averages have been computed for years grouped 
in the same manner as for the comparisons of different rates of a standard 
grade fertilizer. 

Considering the average vield for the 1951-1958 period on the half 
with continuous potatoes (E12), the range is from 326 bushels per acre 
produced with low phosphorus (8-6-12) to 367 bushels with 8-12-12. 
There was no increase in potato yields from increased amounts of nitrogen 
in the fertilizer. The average yield with 1500 pounds of 6-12-12 was 356 
bushels; with 1500 pounds of 8-12-12, 367 bushels: and with 10-12-12 it 
was 333 bushels. Note that approximately 40 pounds of nitrogen per acre 
was applied also to the rye cover crop in cyanamid. Therefore, the total 
amount of nitrogen applied in the fertilizers for the season amounted to 
130, 160, and 190 pounds per acre for the various nitrogen ratios. This 
compares with 60, 90, and 120 in the first vears of the experiment when 
a very definite response was obtained to additional nitrogen in the fertilizer. 
The ninimum amount of nitrogen applied since 1951 was somewhat higher 
than the maximum for the earlier period. 


The amounts of phosphorus and potassium applied were not changed 
; since the experiment was begun, because no increases in vield had resulted 
with additional amounts of these ingredients over the minimum during the 
early vears of the tests. Apparently, there were large residual amounts of 
hoth materials from previous fertilizer applications. 

\verage vields with low, medium, and high rates of phosphorus for 
the period 1951-1958 on the continuous potatoes were 326, 336, and 351 
bushels per acre, respectively. There was no increase in vields when 
potash was increased from 135 to 270 pounds per acre. \pparently, 
here was enough residual potash in the soil to supply all the nutrient 
needs of the crop with the minimum amount applied. 

In comparing the various rates on continuous potatoes, with those 
in the redtop rotation, the same general increase in vields was obtained 
following redtop as was found in the amounts of fertilizer comparison. 
\verage vield for all treatments on the continuous potatoes was 325 
bushels per acre and 404 bushels on the redtop rotation. Responses to N, 
P. and K were similar under the two conditions—none to N, significant 
response beginning to show with P, and none to increasing the K. There 
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Tas_e 2.—Vields of potatoes with different ratios of fertilizer at the 
Rhode Island Agricultural Experiment Station, 1945-1958. 


Bushels per acre U.S. No. 1 potatoes Averages 


” 
Lbs./A Continuous potatoes (E' ) 53-54 
N P:Os KO 1951 1952 1953 1954 1955 1956 1957 1958 51-58 57-58 45-58 


Treatment 


Low N 90 180 180 3: 186 395 242 458 482 289 436 > 356 
Med. N* 120 180 : 188 357 200 499 530 335 405 | 367 
High N 150 180 d 182 338 200 454 497 301 425 | 353 
Low P.O; 120 «90 3 152 344 185 416 465 390 | 326 
Med. P.O; 120) 135 385 172 326 248 431 451 2 412 | 336 
High P.O; 120 225 358 148 300 246 495 471 2 432 | 351 
Low K.O 120 180 1608 227 476 «6484 «305 «6439 | 351 
Med. K.O 120) 180 303 164 343 22 408 473 2 424 | 344 
High 120 180 352 150 333 240 433 480 277 424 | 330 
Average 459 481 2 421 | 347 
LSD at .05 18 


Redtop-potato rotation (W 
Low N . 469 322 
Med. N* 467 326 
High N . 428 321 
Low P.O, 470 270 
Med. P.O, 35 : 440 
High P.O, 
Low k.O 
Med. K.O 
High k.O 180 
Average 
LSD at .05 


ve 


*This is the equivalent of 1500 pounds per acre of a 9-12-12 fertilizer. Previous to 1951 
the N amounts were 60, 90, and 120 pounds per acre on the low, medium, and high N 
ratios respectively. Beginning in 1950 an application of 200 pounds per acre of calcium 
cyanamid were applied to the rye cover crop before plowing in the spring. 


were considerable variations between the different seasons. In 1954 the 
additional phosphorus in the fertilizer showed excellent results. Where 
90 pounds of P20; was used (1500 Ibs. 8-6-12), the yield was only 270 
bushels per acre. This increased to 313 bushels and to 366 bushels when 
135 pounds and 225 pounds were used (1500 of 8-15-12). 

In the extremely dry season, 1957, there was also a strong response 
to phosphorus. On the redtop rotation the yield increased from 327 
bushels with 90 pounds per acre of P2O; to 403 bushels when 225 pounds 
were applied. On the continuous potato plots there was considerably less 
response to the additional phosphorus in the fertilizer. 

No significant increase in potato vield resulted with additional potash 
on the redtop rotation except in 1953 when there was an increase from 
an average of 455 bushels per acre where 135 pounds were applied to 481 
bushels where 225 pounds were applied. No increases were obtained in any 
year with continuous potatoes when more than the minimum of 135 pounds 
were used. There was a tendency for lower, rather than higher yields, with 
the use of additional potash. 


XS ' 
| 
| 
341318 
331 354 
298 325 
312 329 
334 343 
328 343 
321 338 
319 332 
325 337 
oe 25 14 
) 
309 404 
405 422 405 
309 452 392 
327 444 378 
359 428 385 
403 406 432 
412 467 421 
357. 471 410 
‘ 359 459 406 
373 452 404 
24 
4 
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ROTATION 


Table 3 shows potato yields obtained in the soybean-potato rotation. 
This experiment was discontinued in 1954: therefore, only 9 potato crops 
are represented. 

Average yields were 336 bushels of U. S. No. 1 potatoes on the con- 
tinuous potato plots and 393 bushels where they were grown in rotation 
with soybeans. There was a small difference in yield every year in favor 
of the rotation. The soybeans required considerably more work and other 
expense than did redtop and were less effective in increasing potato yields. 


Tarte 3.—Vields of potatoes in a 2-year potato-soybean rotation and in 
continuous culture at the Rhode Island Agricultural 
Experiment Station, 1945-1954. 


Bus. per acre—U. S. No. 1 Average 


Treatment 
1946 1947 1948 1949 1950 1951 1952 1953 1954 


Continuous potatoes 417. 337 298 198 327 395 2506 362 395 336 
I . 

Potato-soybean rotation 469 437 341 265 386 426 328 473 409} 393 

\verage 443 407 320 232 356 411 292 418 402) 364 


LSD at .05 } 26 
| 


Speciric Gravity oF Potato TUBERS 


Table 4 presents the specific gravity of the potatoes from the fertilizer 
amounts study. The yearly figures are the average of the four replicates 
The first two figures for each entry, 1.0, have been 


for the treatment. 
002 in specific gravity 


omitted for brevity. In most cases a difference of 
(2 in the Table figures) is significant. 

The specific gravity varied c msiderably from year to year. Averages 
ots varied from 1.057 in 1955 to 1.074 in 1956. 

Since Green Mountain potatoes were grown before 1954, the first 3 
years in the tabulation is from this variety. Beginning with 1954 the 
Katahdin variety was used. Green Mountains have generally been a little 
higher in specific gravity than Katahdins in the varietal tests of potatoes 
In this experiment the effect of the various treatments 
two 


on the continuous potato | 


at this Station (7). 
on specific gravity of the potatoes has been very similar on the 
varieties and the data have been averaged regardless of variety. 
The average specific gravity for potatoes grown in rotation with 
1.066 in 1954 to 1.078 in 1953. In each of the 4 vears 
under con- 
In potatoes 


redtop varied from 
where a comparison was possible with the same treatments 
tinuous culture the specific gravity was appreciably higher 
grown in rotation with redtop. Note that vields also were higher in the 
rotation. 

For 1951-1958 period the highest average specific gravity was 1.069 
from the plots with the lowest amount of fertilizer at 1000 pounds per 
acre. The highest application, 2250 pounds per acre, produced potatoes 
with the lowest specific gravity, 1.063. 

Where comparisons of continuous versus rotation effects are 
in 1953. 1954, 1957, and 1958, the same tendency is noted for a decrease 
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TABLE 4.—Specific gravity of potatoes from fertilizer amounts experiment 
at the Khode Island Agricultural Experiment Station, 1951-1958. 


Lbs./A Specific gravity with first 2 figures (1.0) omitted Averages 
> Continuous potatoes (E'% ) 

a 195t 1952 1953 1954 1955 1956 1957 1958 


83-54 
77.58 


la 
70 


1000 76* 
1250 74 
1500 
1750 67 
2000 60 


2250 63 5 65 59 


61 
61 


62 


tu ly 


a 


Average 69 69 61 


V4 


Redtop-Potato rotation ( 
1000 67 
1250 60 
1500 66 
1750 64 
2000 7 O06 
2250 : 
\verage 78 60 


Ww 
“I 


ty 
“J 
ty 


*Actual specific gravity is 1.0 + 76 or 1.076, ete. **LSD 1.5 (Actual 0.0015) at .05 
Green Mountain variety grown 1951-1953, Katahdin 1954-1958. 


in specific gravity with increasing rates of fertilizer application. This is 
the case both on the continuous and rotation crops. The average for 
the various amounts was considerably higher in potatoes in the redtop 
rotation than in the continuous potatoes—1.072 as against 1.067. 

In the fertilizer ratio study, the same variation in specific gravity 
from year to year was obtained (Table 5). The range covered was approxi- 
mately the same. 

In considering the averages for 1951- 1958 for continuous potatoes, 
the low, medium, and high nitrogen treatments produced the same average. 
1.066. There was no change in specific gravity when nitrogen was increased 
in the fertilizer from 90 to 150 pounds per acre. Murphy and Gowen 
(1,3) found that under Maine conditions, when nitrogen was increased 
in various steps from 90 to 210 pounds per acre, there was a definite 
decrease in specific gravity. They now recommend rates of 150 pounds 
of nitrogen or less, for Katahdins for the production of potatoes of 
acceptable specific gravity. 

The effect on specific gravity from increasing phosphorus in the fer- 
tilizer was inconsistent on the continuous potato plots. Average specific 
gravity for 1951-1958 was 1.065 where the lowest amount was_ used. 
There was a small decrease in specific gravity when the amount of phos- 
phorie acid was increased from 90 pounds per acre to 135 pounds. When 
the amount of phosphoric acid was further increased to 225 pounds per 
acre. there was a definite increase in specific gravity — 1.063 on the 
medium to 1.067 on the high phosphoric acid. Why this variation should 
occur is not clear from the data. 

Data from the potatoes grown in rotation with redtop indicate that, 
as phosphorus was increased, there was a small but consistent increase 
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TABLE 5.—Specific gravity of potatoes from fertilizer ratio experiment at 
the Rhode Island Agricultural Experiment Station, 1951-1958. 


Specitic gravity with first 2 figures (1.0) omitted Averages 
Treatment Continuous potatoes ) 


1951 1952) 1953 1954 1955 1956 1957 1958 


* 


Low N 
Med. N 
High N 
Low P:O 
Med. P.O 
High P.O 
Low K:O 
Med. K.O 
High K.O 


Average 


5 7 66 
OS 
67 
Os 
o4 
69 
70 
67 


07 


we 


-Potato rotation 
Low N 78 61 
Med. N 
High N 
Low P.O 
Med. P.O 
High P.O 
Low K,O 
Med. K.O 
High K.O 


Average 


wiv 


mw 


a 
SIS 


¢ <= 


“sa 


*Actual specific gravity is 1.0 + 
**LSD 1.5 (Actual 0.0015) at .05 


in specific gravity in the potatoes. There was a similar increase in vields 
when phosphorus was increased 

On both the continuous potato and rotation plots there was a consis- 
tent decrease in specific gravity of the tubers when potash in the fertilizer 
Was increased. In Maine, it was also found that specific gravity of potatoes 
decreased when potash was increased (2,3). 

\s in the fertilizer amounts series, the specific gravity of potatoes 
following redtop was consistently higher than in potatoes grown continu- 
ously. 

Specific gravities were determined also on potatoes grown in a two- 
year rotation with soybeans. There was no consistent difference in specific 
gravity between potatoes grown in continuous culture and in rotation 
with soybeans. In continuous culture the specific gravity averaged 1.072 
and in rotation with soybeans 1.073. 


DIscUSSION 


The area used in this experiment was typical of many Rhode Island 
potato farms. The soil was in a high state of fertility when the experiment 
was begun. As a result, there was no response from additions of phos- 
phorus or potash to the minimum amounts used during the first 10 vears 
of the experiment. This continued to be the same with potash until the 


51-58 57-58 
72 60 66 
70 60 60 
60 66 
Os 05 66 
68 63 64 
40 ov OS 40 
74 58 69 71 67 os 
70 57 63 69 64 65 
6&8 57 65 56 73 63 64 
71 58 06 ol | 74 70 O5** 
(Wis) 
09 40 
70 70 
69 ox 
6 ) “0 
70) 71 
42 42 
HALE 
69 70 
O06 
73 or 1.073 
af 
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test was concluded at the end of 14 years. The phosphorus, however, was 
beginning to become depleted and a response to additional phosphorus was 
beginning to become evident. 

During the first 5 years of the experiment when a 6-12-12 fertilizer 
which is relatively low in nitrogen, was used as the standard, there were 
definite increases in yield with additional nitrogen in the fertilizer. When 
the standard was changed to an 8-12-12 in 1951 and extra nitrogen added 
in cyanamid, further increases in yield were not obtained with more 
nitrogen. A better balance had been accomplished among nitrogen, phos- 
phorus, and potash in fertilizer mixtures than was the case at the beginning 
of the experiment. 

During the early period when 6-12-12 was used, it required about 
a ton of fertilizer per acre to produce the maximum vield. When this was 
changed to an 8-12-12 and 40 pounds additional nitrogen was applied in 
evananid, it required only 1,500 pounds per acre to reach maximum yields. 
This clearly shows the importance of providing the correct balance in a 
fertilizer to get maximum returns for the fertilizer dollar invested. Many 
potato growers who use a ton or more of fertilizer per acre could probably 
save considerably on their fertilizer bill by adjusting the fertilizer more to 
the needs of the crop and using less per acre. 

Soil type. previous fertilizer practices, crop rotation, variety grown, 
and the purpose for which grown are factors that must be taken into 
consideration in deciding on the best amount and grade of fertilizer for 
potatoes. This experiment was located on an excellent potato soil. On 
a sandier and more open soil, the fertilizer application could probably have 
been increased to advantage. More fertilizer will be needed also when new 
land or land that has previously received only light fertilizer applications 
is used for potatoes. It is difficult to recommend a certain amount or kind 
of fertilizer for potatoes without taking into account the specific conditions 
on the individual farm where the crop is being grown. Experiments of 
this kind can provide only general information that has to be modified to 
fit any particular situation. In all cases, vearly soil tests should be made 
and results taken into consideration when deciding on the kind and amount 
of fertilizer to use for potatoes. 

From all the data presented it would seem that an application of 1.500 
to 1.800 pounds of an 8-12-12 or similar fertilizer would meet the require- 
ments generally for a potato crop under these conditions. 


SUMMARY 


In these experiments various amounts of a standard fertilizer were 
compared as well as a standard amount of different grades having various 
ratios of N, P, and K. Potatoes grown continuously and in rotation with 
redtop or soybeans were compared. 

Green Mountain and Katahdin varieties were used, vields were deter- 
mined, and data on specific gravity and cooking qualities obtained. 

No significant increase in yield of potatoes was obtained when the 
fertilizer application was increased beyond 1,500 pounds per acre of an 
8-12-12 where potatoes were grown continuously. When grown in rotation 
with redtop, increases in yield were obtained up to 1,750 pounds per acre 
of the same fertilizer. 
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No further increase in average ‘ potato vields was obtained when more 
than 130 pounds of nitrogen per acre were applied, including 40 pounds N 
in cvanamid., 

Yields of potatoes were increased when the amount of phosphorus in 
the fertilizer was increased to 180 pounds of PsO; per acre. No further 
increase in vield resulted when the amount was increased to 225 pounds 
per acre. The response to phosphorus was influenced considerably by 
seasonal weather conditions, 

No increase in average vields of potatoes resulted from) applications 
of more than 135 pounds per acre of potash. 

The yields of potatoes, when grown in rotation with redtop, were 
usually 60 to 80 bushels more per acre than when they were grown con- 
tinuously. The season and whether it was the first or second crop of 
potatoes, following redtop, had considerable influence on the results. 

Growing ie itoes In a 2-year rotation with soybeans did not result in 
sufficient increase in vields over continuous potatoes to justify this rotation. 

\verage medic YTAvity of the potatoes decreased when fertilizer 
applications were increased. There was no consistent increase or decrease 
In specific gravity when nitrogen in the fertilizer was increased from 130 
to 190 pounds per acre. Increases in phosphate have tended to increase 
speciic gravity of the potatoes, whereas increases in potash had the 
opposite effect. 

Potatoes grown in rotation with redtop were consistently higher in 
specific gravity than those grown continuously. No difference in specific 
gravity resulted from growing potatoes in rotation with sovbeans when 
compared with continuous culture 

For conditions similar to those under which this experiment was con- 
ducted, an application of 1.500 to 1.800 pounds per acre of an 8-12-12 
similar fertilizer is suggested. 


LITERATURE CITED 


Murphy, H. J. and M. J. Goven. 1959 Nitrogen, spuds and. specific gravity 
Maine Farm Res. 7: 21-24 

Murphy, H. J. and M. J. Goven. 1959. Potash and processing potatoes. Maine 
Farm Res. 7: 3-8 

Murphy, H. J. and M. J. Goven. 1959. Factors affecting the specific gravity of 
the white potato in Maine. Maine Agr Expt. Sta. Bull. 583 

Odland, T. E. and J. E. Sheehan. 1956. The re sponse of _ h potatoes to differ- 
ent amounts and ratios of nitrogen, phosphoric acid and potash when grown 
in continuous culture. Am. Potato J. 3. 7 

Odland, T. E. and J. E. Sheehan. 1957. The effect of redtop and red clover on 
yields of following crops of potatoes. Am. Potato J. 34: 282-284. 

Odland, T. E. and J. E. Sheehan 1957 \ comparison of sod crops for use in 
rotation with potatoes. Am. Potato J. 34: 312-314 

Sheehan, J. E. and T. E. Odland. 1956. “A quarter century of potato variety trials 
in Rhode Island. Am. Potato J. 33: 161-165 


‘ 
4 
4 
‘ 
> 


1961 | ESTES AND GAUSMAN: SULFUR-MAGNESIUM RATIOS 43 


SOME EFFECTS OF SULFUR-MAGNESIUM RATIOS ON THE 
POTATO PLANT (SOLANUM TUBEROSUM)! 


G. O. Estes anp H. W. GausmMan? 


The objective of this study was to determine some effects of fac- 
torially combined levels of sulfur and magnesium on the growth, quality, 
and chemical composition of the white potato. 

The addition of these elements, particularly magnesium, to potato 
soils is well recognized as essential for best potato yields in areas where 
soils contain relatively low amounts of this element. Higi levels of mag- 
nesium have been shown to stimulate tuber formation (6,10), to enhance 
the synythesis and translocation of sugars in potato plants (7, 10), and 
to retard protein synthesis (&). Starch content of the tubers (9), various 
aspects of phosphorus nutrition (4) and protein synthesis in potato 
plants (9) are believed to be related to the sulfur nutrition of potatoes. 


MATERIALS AND MertTHODS 


In carrying out these studies, three crops of Katahdin potatoes were 
grown in the greenhouse during 1958 and 1959, The experimental design 
was a randomized complete block with five replications. Treatments were 
factorially combined levels of S and Mg each at 0, 10, 20, and 30 pounds 
per acre. The sources of sulfur and magnesium were H.SO, and MgO, 
respectively. The substratum was a virgin Caribou soil which was con- 
tained in 2-gallon crocks. The levels of total sulfur and total magnesium 
in the soil were 696 and 335 pounds per acre, respectively. Additions of 
N, P,O;, and K2O were made before planting each cr yp at rates of 120, 
240, and 240 pound per acre, repectively. The sources of these three 
nutrients were NHyNOs, KNOs and KHsPOy, from reagent grade chemi- 
cals. Ca(OH )» was added at 2,000 and 1,000 ppm. for the first and second 
crops, respectively, Calcium was not added for growing the third crop. 
The pH for all treatments and all crops varied within a range of 5.5 to 5.9. 
Minor elements were added according to Hoagland and Arnon ( 
Bouyoucos moisture blocks were used to maintain soil moisture at approxi- 
mately 30° on a dry weight basis. Supplemental light was provided to 
simulate a 14-hour day. The length of growing season of the three 
successive crops was 112, 115, and 120 days. 

Soil and plant samples were prepared for K, Mg, and Ca determina- 
tions according to methods of AOAC (1). Determinations of Mg were 
made using the Beckman flame photometer. Potassium and Ca determina- 
tions were made using the Perkins-Elmer flame photometer. Samples were 
prepared for beth SO, and PO, analyses by wet ashing two grams of 
plant tissue by the magnesium nitrate ignition method. Sulfate was deter- 
mined with barium chloranilate (2). Chloride was determined according 


5). 
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to the method of the U.S. Salinity Laboratory (12). Nitrogen analyses 
were made by the Kjeldahl method (1). 

Radioactive sulfur, S**, was used to study the effects of Mg and S 
treatments on the uptake and distribution of the radioisotope. An aqueous 
solution containing 150 uc of S** was applied to the scil of each crock 
within one replication at the time of bossoming. Comparable samples were 
removed from each plant and dried between blotters at 60-65° C. Auto- 
radiographs were prepared on Kodak, type-K, Industrial X-ray film using 
an exposure of 72 hours (3). The activity of the S** was also determined 
in the dried plant material with a Geiger-Mueller counter. 

Statistical analyses were made according to methods given by 
Snedecor (11). 


RESULTS AND Discussion 


The following results represent data from three crops with the excep- 
tion of the data from chemical analyses. The analyses represent data from 
two crops. 

Plant height: In crop one, the response of plant height to additions 
of S resulted in a significant deviation from linear regression regardless 
of the Mg treatments. In contrast, crops two and three showed a linear 
response to S where Mg was added with the exception of the additions 
of 30 pounds of Mg per acre in crop three. However, there was a signifi- 
cant deviation from linear regression for all crops when Mg was added 
with the exception of the 20 pound level of Mg in crep two. 

The data for the effect of treatments on plant height for the three 
crops are presented in Table 1. Additions of Mg and S$ did increase plant 
height when compared with the 0:0 treatment of the first crop. During 
the second crop, the 20:10, 30:20, and 30:30 ratios of S to Mg significantly 
increased plant height compared with the 0:0 treatment. The 30-pound 
level of S applied in the absence of Mg produced a significant reduction 
in plant height compared with the standard. The 10 and 20 pound levels 
of S did not significantly affect plant height. 

\dditions of Mg increased plant height over the 0:0 treatment at the 
0, 10, and 20 pound S levels during the third crop. Additions of S alone 
in excess of 20 pounds per acre did not significantly increase the height 
of plants in the third crop 


Dry weights \n analysis of variance for each crop indicated that 
the dry weights of the potato plants of the first two crops were signifi- 
cantly affected by treatments. An analysis of variance on the combined 
dry weights of the three crops, however, showed no sigrificant treatment 
effects, nor was the crop treatment interaction significant. The interaction 
of Mg with S was significant during both the first and second crops, 
while the effect of Mg was significant only during the first crop. Further- 
more, a significant deviation from linear regression of drv weights on S 
occurred at the 0 and 30 pound level of Mg during the first crop. During 
the second crop, dry weights responded linearly to S only at the 10 pound 
Mg level. Quadratic and cubic responses were present at the 30 pound 
Meg level 

The average dry weights of the total plant for each of the three crops 
are given in Table 2. 
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Taste 1.—Effects of sulfur and magnesium treatments on plant height for 

three crops. (Data are given as an increase (+) or as a decrease (—) of 

freatinents compared with appropriate crop standards, average of five repli- 
cations for each crop.) 


S: Me Crop 1 Crop 2 Crop 3 Potal 
Height of plants 
Lbs. per acre Inches Inches Inches Inches 
0:0 
(standard ) 26.58 21.43 | 
0:10 1.92** —1.81 
0:20 1.35* 1.20 
0:30 2.97 
10:0 9. 0.00 
10:10 2.48 
30 
0 8 +0.12 
10 3.2 +-] 57** 
+-() S4 
30) 4 3.OR** 
() l (jO* 
10 35 —1.05 


30) 2.38 + 2.18** 


*P— 0.05 
**p 0.0] 


TABLE 2.—Dry weights of the total plant as an average of five replications 
for each ol thre crops. 


Treatment al Mean Mean 
S: Me “Oy Crop 2 Crop 3 Mean 


Lbs. per acre , Gms. (ams. 
0:0 8.6 19.37 14.95 
0:10 2 21.82 14.23 
0:20 3.08 14.09 
0:30 
10-0 
10:10 


10:20 


20.50 13.560 
13.51 
14.40 
14.86 
14.29 


nt. = 


9 4] 
5.86 
8.12 20.08 
8.00 20.09 
78 17.04 


10.06 19.82 


8.16 20.23 
Treatment x Crops Crops 


3.28 0.82 
— 0.01 4.31 1.08 


! 
a 
30 +0.49 +(),29 
13.61 
10:30 15.92 
20:0 14.33 | 13.38 
20:10 13.34 14.33 
20:20 12.64 14.13 
20:30 13.64 14.17 
30-0 15.81 14.67 
30-10 14.04 14.04 
30-20 14.97 13.79 
30:30 12.05 13.97 
Mean 14.07 
L.S.D.'s 
| 
P 
| 
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Number of tubers: The number of tubers per plant was significantly 
affected by both Mg and § additions to the soil, Table 3. Magnesium 
additions of 20 and 30 pounds per acre and S additions of 10 and 20 
pounds per acre produced the greatest number of tubers. For example, 
20 pounds of S with 20 pounds of Mg produced an average of 9.9 tubers 
per plant as compared with 6.2 tubers per plant when neither S nor Mg 
was added. 


Chemical composition: Table 4 shows the N and PO, content of the 
total plant (tops, roots, and tubers) as an average of the first two crops. 
The S x Mg interaction had a significant effect on the N level. The great- 
est N content of 2464 milliequivalents per liter was obtained at the 20 
pound rate of Mg in the absence of S. Further, a partitioning of variance 
into regression components indicated that significant linear and quadratic 
effects of treatments on N content were present due to S at the 20 and 
30 pound Mg levels, respectively. 

The interaction of S with Mg also affected the pt 4, content, Table 4. 
This was a result of a quadratic response in PO, content of plants to S 
at the 20 and 30 pound rate of Mg. The highest PO, content of 200 
milliequivalents per liter occurred with the treatments having 20 pounds 
of S with 30 pounds of Mg. 

Treatments had no significant effect on the sulfate content of the 
plants. 


Correlations on chemical composition: Table 5 presents the signifi- 
cant correlation coefficients found among the chemical components of the 
plant tops for the first. two crops. Significant and positive correlation 


coefficients were found between - (a) N and Mg, r = 0.4075. (bh) K and 
Mg. r 0.5026; and (c) N and K, r = 0.6200. Significant and negative 
correlations coefficients were obtained between: (a) PO, and Cl. r 
0.3967: and (b) Ca and Kr 0.3868. 


Table 6 presents the significant partial correlation ce ficients between 
various chemical components of the plant tops of the first and second er ps. 
Positive partial correlation coc ficients were obtained between: (a) Mg 
and N with Cl constant. r 0.4275: (b) Mg and N with PO, constant. 
r = 0.4149; (c) Mg and K with Ca constant, r = 0.5216; and (d) N and 


K with Mg constant. r — 0.3259. Negative partial correlations were found 
hetween: (a) Cl and Pt 4, with Mg constant. r 0.3982: and (b) K and 
Ca with Mg constant. r 0.4216. 


Calcium levels in the plant tops were low in relation to high levels 
of Mg and K (data not shown). Potassium and Ca levels were significantly 
correlated while there was no evident association between Mg and K, 
Although there was a positive simple correlation between Mg and N, a 
partial correlation of Mg with K constant was not significant. Hence. K 
rather than Mg provided the significant influence on N levels. Magnesium 
and K were significantly and positively correlated . however, indicating 
that Mg may have a beneficial influence on K levels in the tops of the 
potato plants. A significant. negative relationship between Cl and PO, 
was also obtained. 


Radioisotope studies Autoradiographs of leaflets from plants treated 
with radioactive S*5 which received the O:O and 0:30 S:Mg treatments 
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TasLe 3.—Effects of sulfur and magnesium treatments on number of 
tubers per plant as an average of three crops each with 
five replications, 


Mg. Ibs. Sulfur, pounds per acre 
per acre 20 Mean 
Number tubers per plant 


Mean 


P = 0.05 
P= 001 


4.—Nitrogen and phosphate contents of the total plant in milli- 
equivalents per liter as an average of two crops, each with 
five replications. 


Me. Ibs Sulfur, pounds per acre 
10 20 3 Mean 
PO, N PO. | N_ PO, N PO, N  POw 
0 2120 194 2289 199 | 195 | 2220 193 2207 195 
10 188 2260 201 189 2293 188 2290 191 
20) 19] 2290 187 | 175 199 2308 188 
30 355 185 2122 193 23 209 23: 194 2280) 195 
Mean : 190 2240 195 192 | 22 194 2271 192 


per acre 


LSine P= Mg x S for N = 162 
Me x S for P= 16 


*\illiequivalents per liter x equivalent weight equals ppm. 


Tasre 5.—Correlation coefficients on chemical components of the 


plant tops. 
Variable Correlation coefficient 


N x Meg 0.4075* 
kK x Meg 0.5020** 
Cl x PO, (0.3967* 
Ce (),3808* 


N x K 0.6200** 


*P— 0.05 


— 0.01 


4 
aa 
10 6.2 8.7 6.2 7.10 
65 69 70 | 69 6.82 
79 75 99 7.3 8.15 
7.3 7.0 6.5 7.3 7.18 ay 
70 7.7 77 6.9 7.31 
Meg S MexS 
0.56 0.50 1.11 
0.73 0.73 1.47 
= 
f 
A 
= af 
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Taste 6.—Partial correlation coefficients on chemical components of 
the plant tops. 


Variable Constant Correlation coefficient 
MexwN Cl 0.4275* 
Mg x N PO, 0.41 49* 
Cl x PO, Me 
Nx K Me ().5250** 
Mex k Ca 0.52160** 
K x Ca Meg 0.4216* 
**p 


are given in Figs. 1 and 2. The greatest concentration of radioactive S** 
is indicated by th f 
y 

leatie 


w dark regions o 
tion in the lets of plants which 


g the leaflet. As shown, the S** distribu- 
received the 0:0 treatment, was rela- 


tively uniform, while leaflets of plants which received the 0:30 ratio of S 


to Mg had the radioisotope concentrated near the margins of the leaves. 

[his was characteristic of all treatments which had a low S to high Mg 

ratio, An increase in the amount of applied S, however, tended to reduce 


tet 


of radioactive S** in the leaf tissue of the plants. The signifi- 
cance of this is not known. 


é 


Fic. 1—Autoradiograph of leaves of a potato plant treated with radioactive S°5 
received U pounds of S and 0 pounds of Mg per acre, indicating a relatively 
distribution of through the tissue 
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3 


Fic. 2.—Autoradiograph of leaves of a potato plant treated with radioactive S*5 which 
received 0 pounds of S and an equivalent of 30 pounds of Mg per acre, indicating a 


non-uniform distribution of S*° (center leaflet) in the tissue. 


SUMMARY AND CONCLUSIONS 


Greenhouse studies were conducted during 1958 and 1959 to deter- 
mine the effect of various ratios of S to Mg on the growth and nutrient 
composition of Katahdin potato plants. Results from three crops indicated 
the fi llowing : 


1. Additions of Mg and S did not increase plant height during the 
first crop. During the second and third crops, several S:Mg ratios such 
as 20:10, 30:20, and 30:30 significantly increased plant height. 

2. Treatments significantly increased the dry weight only of the 
second crop. This increase in total dry weight of the plants was obtained 
with the 20:10 and 30:30 ratios of S to Mg. 

3. Numbers of tubers per plant were significantly increased by either 
Mg or S and by the interaction of S with Mg. Considering the main effects 
of Mg and S, the greatest number of tubers was obtained with the 20 
pound level of Mg, and the 10 and 20 pound level of S. 

4+. Magnesium additions significantly increased the nitrogen content 
of the plants. The interaction of S with Mg significantly reduced the PO, 
level of the plants. 

5. Uptake by leaflets of potato plants from soil application of S*° 
was influenced by S to Mg treatments. A uniform distribution of S*° 
occurred in leaflets of plants receiving an even ratio of S to Mg. A ratio 
of S to Mg such as 0:30 resulted in an uneven distribution of S** in the 
leaflets. 
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6. Several of the nutrient components of the plant tops were signifi- 
cantly correlated. In this respect, positive correlations occurred between 
Mg and N, K and N, and Mg and K. Negative correlations occurred 
between Cl and PO,, and K and Ca. 


LITERATURE CITED 

\Association of Official Agricultural Chemists. 1950. Official and tentative 
methods of analysis. Washington. D. C., Ed. 7 

Bertolacini, R. J.. and J. E. Barney. III. 1957. Colorimetric determinations of 
sulfate with barium chloranilate. Anal. Chem. 29: 281-283. 

Gausman, H. W., and A. B. Awan. 1956. Effects of chloride from CaCle on P®2 
accumulation . potatoes. Agron. J. 48: 431. 

Gausman, H. W., C. E. Cunningham, and R. A. Struchtemeyer. 1958. Effects 
of chloride and yore on P*2 uptake by potatoes. Agron. J. 50: 90-91. 

Hoagland, D. R., and D. [. Arnon. 1950. The water culture method for grow- 
ing plants without soil. Calif. Agric. Exp. Sta. Cir. 347. 

Krackenberger, H. F., and W. J. Petersen. 1954. Effects of environment on the 
magnesium content of plants. Southern Co-op. Service Bull. 36: 98-118. (Soils 
and Fert. 18: 1263. 1955). 

Lewin, G. and S. Lewin (Translators). 1956. Magnesium — a plant food 
sergbau-Handel. Berlin, Germany. 

Mulder. E. G. 1956. Nitrogen-magnesium relationships in crop plants. Plant 
and Soil. 7 : 341-376. 

Pirson, A. 1955. Functional aspects in mineral nutrition of green plants. Ann. 
Rev. Plant Physiol. 6: 71-114. 

Shugar, Y. A. 1956. Effect of magnesium on the distribution of sugars in plants. 
Fixiol. Rast. 3: 32-35. (B.A. 32: 35188. 1958). 

Snedecor, G. W. 1956. Statistical methods. Iowa State College Press, Ames, 
Iowa. Ed. 5. 

U. S. Salinity Laboratory. 1954. Diagnosis and improvement of saline and 
alkali soils. U.S.D.A. Agr. Handbook 60: 129. 


ISTH ANNUAL CONFERENCE ON 
HANDLING PERISHABLE AGRICULTURAL COMMODITIES 


The 15th National Conference on Handling Perishable Agricultural 
Commodities will be held at Purdue University, Lafayette, Indiana, March 
20 through March 23, 1961. The objectives of the conference are to bring 
together those persons interested in striking directly at preventable losses 
and damages in the transportation of perishable fruits and vegetables. 

This conference is sponsored by Purdue University, the Association 
of American Railroads, and the American Railway Development Associ- 
ation with the cooperation of Railway Inspection Agencies and the United 
States Department of Agriculture. 

Programs for this conference may be obtained by writing the Horti- 
culture Department, Purdue University, Lafayette, Indiana. 
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EFFECT OF SPECIFIC GRAVITY, STORAGE, AND 
CONDITIONING ON POTATO CHIP COLOR! 


SHIRLEY LYMAN AND ANDREA MACKEY" 


The importance of potato chips in the commercial use of potatoes is 
cited by Hedlund (8) who points out that potato chips account for the 
largest per cent of the processed portion of the crop. Nine and one-half 
per cent of the 1957 potato crop that was consumed as food was in the 
torm of chips and shoestring potatoes. Commercial frying is being used 
not only for these products but also for French-fried potatoes, frozen 
patties and other products. 

According to a survey by Du Pont and Company (5), “store decision” 
accounted for 80.6% of potato chip sales. Apparently, consumers want 
potato chips, and are willing and able to pay for them. The factors that 
contribute to the consumer’s impulse buying of potato chips are unknown, 
but good appearance doubtless contributes to initial acceptance while 
overall quality and intended use are important in repeat. sales. 

Among the factors that contribute to potato chip quality, color is 
one of the most important. A light color when fried is the primary 
requirement (16). The dark color of potato chips made from tubers which 
have been stored at low temperatures has long been recognized as a 
problem of the chipping industry. Yet, since production of chips is a 
year-around industry, low storage temperatures are frequently used to 
inhibit sprouting and spoilage of raw stock. 

For chipping, the Potato Chip Institute International recommends 
several varieties of potatoes that normally mature with a low reducing 
sugar content. Among these is the Russet Burbank variety (1). The 
effects of certain procedures on the color of chips made from potatoes 
of this variety were the subject of the study herein reported. 

Many interesting reports have appeared in the literature, dealing with 
the effect of potato variety, storage temperature, sugar content and amino 
acid effects, as well as other factors, on the color of potato chips. It is 
difficult to give full credit to all those who have worked in this field, due 
to limitation of space. Probably the nearest approach to a complete list of 
references is that of Talburt and Smith in the book, “Potato Processing” 
(19). 

Excessive browning usually occurs when chips are processed from 
potatoes taken directly from cold storage, or from potatoes which have 
been out of cold storage for only a short time. As mentioned above, the 
amount of reducing sugar in the tuber is believed to be closely associated 
with the degree of browning during frying (1,3,4,10). Others (15) 
believe that potato chip color is correlated with both reducing sugars and 
sucrose. Habib and Brown (6) state that the magnitude of the reducing 
sugar vs. color correlation, —0.85, adds more evidence to their importance 
in color formation. They also point out that the correlation coefficient of 
free amino nitrogen vs. color, -0.72, was also of considerable importance. 
They recommend that both factors be considered when evaluating a potato 
Accepted for publication August 8, 1960. 
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variety for chipping quality. Later Habib and Brown (7) found evidence 
that light color of chips was associated with a low content of basic amino 
acids and reducing sugars. They point out that amino acids as well as 
sugars differ by variety and by the conditions under which potatoes are 
stored. Cold storage at 40° F. resulted in slight changes in amino acids, 
but reconditioning at 75° F. resulted in disappearance of various amino 
acids, especially the basic amino acids. lysine, histidine, and arginine. 

Translocation in nitrogen fractions occurs during storage (20). 
During the first 60 days of storage at room temperature, the so-called 
“rest period”, little change occurred in various nitrogen fractions of Trish 
Cobbler potatoes. In the next 40 days, the “rest-end” stage, soluble nitro- 
gen, especially amide nitrogen increased in the terminal bud and cortex 
with a corresponding decrease in the protein of the pith. During the next 
30 days, the “sprouting” stage, protem nitrogen increased in the vicinity 
of the terminal bud, while in) other parts of the tuber it decreased, 
Decreases of amino nitrogen in the pith and in the cortex of the tuber 
were also ascertained. 

In the model system that the Vv used, consisting of filter paper dipped 
in solutions of various ingredients, Smith and Treadway (17) found that 
sugar alone or protein alone did not cause browning. A combination of 
potato-protein fraction plus reducing sugar plus glycine, or a combination 
of glucose and glycine or fructose and glycine resulted in a dark color 
during frying. 

Talburt and Smith (19) call attention to several non-sugar compo- 
nents of potatoes which could ec meeivably react as reducing sugars. These 
include tyrosine, ascorbic acid, cysteine, glutathione, and inositol. Ascorbic 
acid decreases when potatoes are stored at 50-50° F. At lower tempera- 
tures, loss of ascorbic acid is even greater. 

The maturity and specific gravity of the tubers appear to be related 
factors which influence the color of potato chips. It has been reported 
that immature tubers produce darker colored chips than do mature tubers 
(18). Immature tubers tend to have lower specific gravity than do mature 
tubers. 

Kunkel, et al (11) report a study of chipping quality of Russet Rural 
potatoes that had been conditioned for five weeks. The storage period 
preceding conditioning was not. stated. Twenty thousand pounds were 
separated into two specific gravity groups, one with a mean of 1.0916 and 
one with a mean of 1.0777. Chips prepared from the low specific gravity 
group of this variety were generally darker in color even after prolonged 
conditioning. These chips absorbed slightly more fat and the percentage 
of saleable chips was slightly lower than for chips prepared from the high 
specihic gravity group. 

Conditioning, that is, holding tubers at room temperature for a 
short time after cold storage, reduces the content of sugar of certain 
varieties (6, 7). It has been reported (7) that the content of amino 
acids may be reduced as well. Consequently, light-colored chips may be 
processed from tubers of these varieties which have been stored at cold 
temperatures followed by conditioning at room temperatures. 

Conditioning may usually be accomplished by holding at 70° F. for 
one to four weeks if potatoes are of the right variety and have not been 
stored at too cold a temperature for too long (22). 
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Denny and Thornton (4) showed that the rate of increase of 
reducing sugar was influenced by the starting date at a given temperature. 
When placed in cold storage, about two months after harvest, reducing 
sugar rose rapidly to a maximum value at the third removal stage (59 
days) and then showed decreasing values at the fourth removal stage (93 
days). When cold storage was started about four months after harvest 
(August to December), the rate of reducing sugar increase was retarded, 
but the maximum accumulation followed by a decline which was noted 
when potatoes were put in cold storage earlier, was not observed. Wright, 
et al. (22) state that potatoes stored at 50° F. can be processed into 
chips directly from storage. Variety appears to influence not only the 
capacity of the tubers to re-condition but also the length of conditioning 
time necessary before light-colored chips can be produced (6, 13, 21). 

The Russet Burbank variety has several characteristics of value for 
potato chip processing. It can be stored for long periods of time, so 
that it is available when needed. A large proportion of the crop tends 
to have high specific gravity, often averaging 1.092 or higher, which 
would result in larger yields for the processor (9, 12). As mentioned 
above, this variety tends to mature with a low reducing sugar content. 

This study was carried out to determine for the Russet Burbank 
variety, the influence on chip color of (a) specific gravity of tubers, (b) 
storage time at 40° F. and 50° F., and (c) conditioning for various 
lengths of time after storage of one to five months at 40° F. 


MATERIALS AND METHODS 

Russet Burbank potatoes were obtained at harvest from 15 farms 
located in different areas of Oregon, Tubers from each farm were divided 
into low and high specific gravity classes, 1.080 and 1.100, using the salt 
brine method of Clark, Lombard and Whiteman (2). They were placed 
in storage at 40° F. or 50° F. at a relative humidity of 82 to 84 per cent. 

Samples were removed from 40° F. storage after one, two, three, 
four and five months. At each interval, some of the tubers were used 
for preparation of chips directly after removing them from cold storage. 
Those remaining were held at room temperature, approximately 75° F. 
Representative tubers were tested after one, two, three and four weeks 
of conditioning. 

Samples were removed from 50° F. storage after one, two and three 
months, and all were used for preparation of chips directly from storage. 

In order to secure scores for chip color that would be representative 
of each specific gravity group and each storage period or conditioning time, 
tubers from each farm were included in all the tests. 

Preliminary trials were carried out to determine the number and 
location of chips needed from a tuber that would be representative of its 
color performance. These trials indicated that differences between tubers 
were greater than differences within a tuber. One chip from the center 
of a tuber was judged to be characteristic. 

Therefore, one chip, one-sixteenth to one-twentieth inch in_ thick- 
ness, from the center of each tuber, was cut and fried for evaluation of 
color. Five chips were fried together in two quarts of cottonseed oil at 
an initial temperature of 347° F. The chips were removed from the fryer 
when the oil ceased to bubble. The potato chips were drained and judged. 
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This procedure was similar to that followed by Denny and Thornton (3) 
except that they used two slices from the middle portion of the tuber 
rather than one. 

A color score was given each potato chip by comparing with a color 
reference standard, National Potato Chip Institute form number 1206-U. 
On this standard a scale of one to ten is used, with “one” representing 
very light-colored chips and a high score, in contrast with “ten” which 
represents extremely dark color and a low score. Two judges evaluated 
each chip for darkness versus lightness and uniformity of color. The 
scores given by these two judges for chips from tubers representing each 
of the fifteen farms were averaged for presentation in table form. 

The significance of specific gravity, storage time and conditioning 
time in affecting chip color was determined by means of analysis of variance 
and least significant difference between means. 

RESULTS 

Regardless of cold storage temperature and period, tubers fried di- 
rectly from storage without conditioning usually produced chips that 
were sufficiently dark to be undesirable, although tubers stored at 50° F. 
produced lighter colored chips than did tubers stored for the same 
length of time at 40° F. According to Murphy and Goven (14), potato 
chip manufacturers desire chips having a color score within the range of 
four to six rated on the scale mentioned above. Miyamoto, Wheeler and 
Dexter (13) recommend a color score of three on this scale. The color 
of the chips improved, that is, became lighter, as the tubers were held at 
room temperature for increasing periods of time, Table 1. 

Specific gravity influenced potato chip color. Tubers of high specific 
gravity consistently produced chips of lighter color than did tubers of 
low specific gravity, Fig. 1. They were not as dark after equivalent periods 


Tas_e 1.—Effect of specific gravity, temperature and time of storage, 
and conditioning period on the color of potato chips proc d 
from Russet Burbank potatoes. 


Specific Gravity 
1.080 1.100 
Storage time 
and temperature 


‘onditioning period, Conditioning period, 
weeks at 75°F. weeks at 75°F. 
1 2 a 


month at 40°F. 7.25 3 
months at 40°F. x ; 53 
months at 40°F. 03 
months at 40°F. 7. 97 OL 9 6.00 
months at 40°F. 93 5. 6.57 


) 


ww 


month at 50°F. ; 6.50 
months at 50°F. 6.27 
months at 50°F 4.87 


1Analysis of variance demonstrated that color of chips was significantly affected by 
specific gravity, length of cold storage and conditioning time. 

“Each number represents the average of 30 scores, tubers from 15 farms and two 
judges. Color score based on National Potato Chip Institute color standard in which 
1 represents a very light-colored chip, a desirable score; and 19 represents a very dark 
color, an undesirable score. 
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Specific Gravity, 1,080, 40° F. Storage 
Specific Gravity, 1.100, 40° F. Storage 
Specific Gravity, 1.080, 50° F. Storage 
Specific Gravity, 1.100, 50° F. Storage 


CONDITIONING TIME, WEEKS 
(75°F.) 


Fic. 1.—Effect of specific gravity and conditioning on potato chip color. Average score 
for potatoes stored one to five months. 
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in cold storage, and when held at room temperature after cold storage 
tubers of high specific gravity conditioned to give light-colored chips 
more rapidly than did low-specific-gravity tubers. In most cases. one 
week of conditioning at room temperature, 75° F., produced chips of 
satisfactory color, that is, scoring five to six, when potatoes of 1.100 
specific gravity were fried, Table 1. In all cases, two weeks of condition- 
ing produced chips of satisfactory color when tubers of this specific gravity 
were used. When tubers of 1.080 specific gravity were fried, two weeks 
of conditioning were usually necessary and in some cases three weeks of 
conditioning were necessary. Chips of suitably light color, scoring two 
to six, were produced from all tubers after three or four weeks of 
conditioning at room temperature. In contrast to the conditioning period 
necessary for some varieties, this is relatively short. For example, potato 
chips from Russet Rural tubers had a color score of three alter seven 
weeks of conditioning at 70° F. (13). Thiessen (21) found that Bliss 
Triumph tubers could not be conditioned to produce chips of a satisfactory 
color during the winter months. 

\s the period in cold storage increased, the time needed for con- 
ditioning to produce chips of a light, desirable color was less. For example, 
the color score for chips made from tubers of low specific gravity, 1.080, 
after one month of storage at 40° F. followed by one week of conditioning, 
was 7.25; whereas, after five months of storage at 40° F. followed by 
one week of conditioning, the score was 5.11. The need for shorter con- 
ditioning periods after increasing length of time in cold storage was noted 
for both specific gravity groups, Table 1. After three, four and five months 
# storage at 40° F. only one week of conditioning was required for the 
production of chips in the color range of four to six for beth specific 
gravity groups 


SUMMARY AND CONCLUSIONS 


Russet Burbank potatoes of two specific gravity classes were placed 
in 40° F. and 50° F. storage. Samples were removed from storage at 
monthly intervals up to five months. Chips were fried directly from 
storage and after conditioning at 75° F. from one to four weeks. Two 
judges scored each potato chip for color using a reference, N.P.C.1. num- 
ber 1206-U. 

By means of the analvsis of variance, specific gravity, storage time 
and conditioning time were each found to have significant effects on 
color 

Regardless of storage temperature, tubers fried directly from storage 
at 40° or 50° F. without conditioning usually produced chips that were 
dark and undesirable. The color of the chips improved, became lighter, 
as the conditioning period increased. As the length of the storage period 
increased, the length of the conditioning period necessary to produce chips 
of desirable color decreased. 

Specific gravity influenced potato chip color. Tubers of high specific 
gravity, 1.100, produced lighter colored chips than did the tubers of low 
specific gravity, 1.080. 

Early in the season after one or two months of cold storage, chips 
of the desired color were produced from high-specific-gravity tubers 
after two or three weeks of conditioning and from low-specific-gravity 
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tubers after three or four weeks of conditioning. Later in the season 
after three to five months of cold storage, light-colored chips were pro- 
duced from both specific gravity groups after one week of conditioning. 


LITERATURE CITED 


Brown, H. D. 1959. The role of tuber selection in a quality control program 
for potato chippers. Proc. Tenth Annual Potato Utilization Conf., p. 34-30. 
Clark, C. F., P. M. Lombard, and Elizabeth Fuller Whiteman. 1940. Cooking 

quality of the potato as measured by specific gravity. Am. Potato J. 17: 38-45. 

Denny, F. E.. and Norwood C. Thornton. 1940. Factors for color in the pro- 
duction of potato chips. Boyce Thompson Institute for Plant Research, Con- 
tributions 11 : 291-303. 

Denny, F. E., and Norwood C. Thornton. 1942. Potato varieties: Sugar form- 
ing characteristics of tubers in cold storage and suitability for production of 
potato chips. Boyce Thompson Institute for Plant Research 12:217-252. 

DuPont De Nemours, E. L., and Company Incorp. 1954. Latest facts about 
potato chip, pretzel, and snack purchases in super markets. Wilmington 98 
Delaware. 

Habib, Ahmed T., and H. D. Brown. 1956. Factors influencing the color of 
potato chips. Food Tech. 

Habib, Ahmed T.. and H. D. Brown. 1957. Role of reducing sugars and amino 
acids in the browning of potato chips. Food Tech. 11: 85-89. 

Hedlund, Floyd F. 1959, Influence of processing on fresh market utilization of 
potatoes. Proc. Tenth Annual Potato Utilization Conf. p. 21-23. 

Heinze, Peter H., Mary E. Kirkpatrick, and Elsie F. Dochterman. 1955. Cook- 
ing quality and compositional factors of potatoes of different varieties from 
several commercial locations. U.S.D.A. Tech. Bull. No. 1106 

Kirkpatrick, Mary F., Peter H. Heinze, Charles C. Craft, Beatrice M. Mountjoy, 
and Claire E. Falatko. 1950. French-frving quality of potatoes as influenced 
by cooking methods, storage conditions, and = specific gravity of tubers. 
U.S.D.A. Tech. Bull. No. 1142 

Kunkel, R., P. F. Gifford, A. D. Edgar, and A. M. Binkley. 1952. The me- 
chanical separation of potatoes into specific gravity groups. Colorado Agr. and 
Mechanical College Bull. 422-A 

Mackey, Andrea, Sue Joiner, Ida Cecil, and Joy Stockman. 1958. Survey of 
specific gravity of russet burbank potatoes grown in central Oregon and the 
Klamath Basin, 1957 crop. Am. Potato J. 35: 739-741. 

Miyamoto, T., E. J. Wheeler, and S. T. Dexter. 1958. Ventilation of chipping 
potatoes during the conditioning period. Am. Potato J. 35: 778-783 

Murphy, H. J.. and M. J. Goven. 1959. Nitrogen, spuds and specific gravity. 
Maine Farm Research 7 (1) :21-24. 

Shallenberger, R. S., Ora Smith, and R. H. Treadway. 1959. Role of the sugars 
in the browning reaction in potato chips. J. Agri. and Food Chem. 7 : 274-277. 

Smith, Ora. 1955. How to grow and store potatoes for the chip industry. Am. 
Potato J. 32: 265-271. 

Smith, Ora, and R. H. Treadway. 1960. Function of the protein and other 
nitrogenous fractions of potatoes in chip color development. Am. Potato J 
37 : 139-143. 

Sweetman, Marion Deyoe. 1930. Color of potato chips as influenced by storage 
temperatures of the tubers and other factors. J. of Agr. Research 41 : 479-490. 

Talburt, W. F.. and Ora Smith. 1959. Potato Processing. The Avi Publishing 
Company, Westport, Conn. 

Tagawa, T.. and Y. Okazawa. 1955. Physiological and morphological studies 
on potato plants. Part 9. Studies on nitrogen metabolism in potato tubers dur- 
ing the storage period. J. Fac. Agr. Hokkaido Univ. Sapporo, 50: 65-73. 

Thiessen, Emma J. 1947. The culinary qualities and nutritive values of potatoes 
grown upon dry and irrigated land. Wyoming Agr. Expt. Sta. Bull. 280. 

Wright, R. C., Martha E. Davis, and Carl FE. Hendel. 1950. Crops in peace and 
war. U.S.D.A. Yearbook of Agriculture 1950-1951. Washington, D.C. p. 
188-189. 


A 
? 
é. 
¥ 
4 
; j 
4 
a 
9 
. 
4 4 
10) 
\ 
12 
2. 2 
12 
14 
16. 
is. 
19. 
20. 
= 
» 
21. 


AMERICAN POTATO JOURNAL Vol. 38 


THE EFFECT OF GAMMA IRRADIATION ON THE 
INCIDENCE OF BLACK SPOT, AND ASCORBIC ACID, 
GLUTATHIONE AND TYROSINASE CONTENT 
OF POTATO TUBERS' 


D. J. Correr R. L. Sawyer? 


Numerous reports prior to the initiation of this work indicated that 
sprouting of potatoes can be controlled by the use of irradiation (3, 12,15). 
Evidence accumulated also suggested adverse effects on tuber quality. 
Sawyer, Dallyn and Cotter (11) noted that after-cooking-blackening, a 
non-enzymatic darkening of the cooked tuber, increased corresponding to 
the irradiation dosage applied. Waggoner (19) showed that the number 
of cells forming the wound periderm was reduced one-half by dosages of 
20,000 roentgens. He pointed out the possibility of increased rot occurring 
“under certain conditions of inoculum, wounding and atmosphere.” 

As a result of this interest in tuber irradiation and the uncertainty 
of the influence of irradiation on quality factors, studies concerning the 
effect of gamma irradiation on black spot of potatoes were initiated. Black 
spot, a physiological disorder described by Scudder (13), is characterized 
by varving amounts of subsurface black discoloration which lowers tuber 
quality and in many cases renders them unmarketable. These spots are 
located in the tissue commonly known as the cortex region of the tuber. 

Preliminary results indicated that irradiation increased the black spot, 
and subsequent experiments were conducted during the next two vears 
to confirm these results and to study the mechanism causing this irracia- 
tion-induced increase in black spot. 


MATERIALS AND MetTHODS 


\ll tubers in this study were irradiated in the fall at the Brookhaven 
National Laboratory using gamma rays from Cobalt® in the gamma field 
described by Sparrow and Singleton (16). Dosages expressed as roentgens 
(r), were calculated on the basis of ionizations in air. The desired dosage 
was obtained by varying the distance from the gamma source to the tubers. 

The samples for black spot study consisted of 18 pounds of medium 
sized tubers which were stored at 40° F. until they were evaluated in early 
February. Bruising, necessary to initate the production of the black pig- 
ment (1). was done 4 days prior to evaluation. Tubers were peeled 
abrasively and then hand trimmed to bring out the maximum black spot. 
In the laboratory analvsis comparable samples were used without brutsing. 

The severity of black spot was determined by an index devised by 
Scudder (13). The full range of the index is 0 to 90. Index values of 10 
or less are not considered important commercially. 
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All treatments were set-up factorially and statistical analysis was by 
the analysis of variance (17), and Duncan’s multiple range test (5). The 
variance was frequently proportional to the magnitude of the mean and 
these data were transformed by the formula \/x + 0.5 where x is the 
observed value (17). 

Ascorbic acid was determined by the xylene method of Nelson and 
Summers (8). A sample of approximately 100 grams from 5 unbruised 
tubers was blended with 500 ml of 30% meta-phosphoric acid. Dry weight 
was determined and a correction made for the dilution caused by tissue 
moisture. 

Sulfhydryl compounds, such as glutathione and cysteine, were esti- 
mated by an ascorbic acid method modification proposed by Owen, Iggo and 
Horn (9). They showed that p-chloromercuribenzoic acid was a sulfhydryl 
poison while not affecting the reducing property of ascorbic acid. Prelimin- 
ary results with this compound demontrated this to be true. Sulfhydryl 
content was estimated by subtracting the poisoned from the non-poisoned 
samples and converting the difference to equivalent glutathione. 

Tyrosinase activity determinations were conducted manometrically by 
the method of Goddard and Holden (6). Tissue in the cortex region of 
the stem end from teh tubers constituted a treatment sample. Preliminary 
results showed this region to be highest in enzyme activity. All tubers 
were peeled prior to sampling. Final results were expressed as cubic centi- 
meters of oxygen per gram of dry or fresh weight per hour. 


RESULTS 
The effect of gamma irradiation on black spot index, ascorbic acid and 
glutathione content is shown in Table 1. 


Tasie 1.—The effect of irradiation on the mean black spot index, ascorbic 
acid, and glutathione content (mg per 100 grams of fresh 
weight) of potato tubers. 


Ascorbic acid! Glutathione 


Dosage Black spot index! (mg) 


0 
10,000 r 
40,000 r 


IPifferences significant at 99:1 odds. 
2Not significantly different. 
Significantly different from = at 19.1 odds 


These data support previous results that irradiation does increase 
black spot. Although a dosage of 10,000 r was not sufficient to increase 
black spot. a highly significant variety x dosage interaction shown in Fig, 
1 illustrates varietal responses to irradiation dosages . 

A subsequent test brought out the fact that a minimum dosage neces- 
sary to initiate a significant increase in black spot can not be specified ( Fig. 
2). In this test, a highly significant increase in black spot occurred at a 
dosage of 5000 r. The results were similar for both Pontiac and Ontario 
varieties. 
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DOSAGE 
I l ry luence of gamma irradiation on black spot indexes of three varieties 
\ll irradiation dosages reduced the ascorbic acid content. and 
increased glutathione content significantly at 40,000 r. 
The effect of planting date on black spot, ascorbic acid and glivtathione 
contents is shown in Table 2. 
TABLE 2 The influence of planting date on the mean black spot index, 
the ascorbic acid and qlutathione cont nt (mg per 100 grams 
ot tresh tissu: ot potato rs. 
Planting Black spot \scorbiec acid Glutathione 
date index (mg) (meg) 
April 9 23 7.0 6.4 
June 15 18 7.3 7.2 


* * NS 


*Significantly different at 19:1 odds 
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ONTARIO 


PONTIAC 


GREEN MT. 


10 40 
DOSAGE (I0°) 


Fic. 2. The influence of gamma irradiation dosage on the mean black spot index. 

The results show less black spot, more ascorbic acid and no significant 
change in glutathione in late planted potatoes compared to the early 
planting. 

The variety results summarized in Table 3 show that black spot was 
highest in Ontario with no significant difference between Pontiac and 
Green Mountain. However, the significant variety and dosage interaction 
shown in Fig. 1 more adequately illustrates the true variety reaction, 
where Pontiac normally has less blackspot than Green Mountain. 

The influence of variety on the mean black spot index, ascorbic 
acid and glutathione content (ing per 100 grams of 
fresh tissues) of potato tubers. 


TABLE 3. 


Variety Black spot Ascorbic acid* Glutathione 
index 

Pontiac 

Green Mountain 

Ontario 


* All varieties significantly different at 99:1 odds. 


The greatest difference noted in ascorbic acid was the relatively high 
levels in Green Mountain, and low but significantly different values for 
Pontiac and Ontario. Glutathione content was not significantly different 


among varieties. 
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The correlation coefficients for the respective laboratory treatments 
with the incidence of black spot are presented in Table 4. 


Taste 4+.—A summary of the correlation coefficient between the black 
Spot index and the indicated variable. 


Ascorbic acid Coetticent Glutathione Coethcent 
All Treatments .419* All Treatments 103 
Check Treatments 037 Check Treatments 022 
Irrad. Treatment 47()* Irrad. Treatment 070 


*Significant at 99:1 odds 


There is no apparent relationship between glutathione and_ black 
spot_ or between the non-irradiated ascorbic acid content and black 
spot. However, there is a small. but highly significant negative cor- 
relation between black spot and ascorbie acid content. Since the effect is 
confined to irradiation treatments, no cause and effect relationship to 
black spot is suggested by these data. 

Tyrosinase activity results were variable depending upon how. the 
oxygen consumption Is expressed. If expressed on a dry weight basis, 
gamma irradiation resulted in increased tyrosinase content. 


However, no 
effect of irradiation was evident when fresh weight data were used. (Table 


Taste 3.—The effect of irradiation on the tyrosinase activity of potato 
tuber tissue. The data are expressed as cubic centimeters of oxygen 


msumed per gram of fresh or dry weight of tissue per hour. 


Dosage Dry weight Fresh weight 
14.84 2.76 
40,000 16.97 ? 93 
NS 


*Significantly different at 19:1 odds 


The influence of variety, sampling date and their interactive effects 
are summarized in Table 6, 

Sampling date influences were non-significant regardless of the method 
of expressing the enzyme activity. Varieties did not differ in 


tvrosinase 
activity when compared on a dr 


y weight basis, but when dry matter is not 
compensated for, Ontario had one-third greater activity. 
It is apparent that tyrosinase activity is in part related to the 


dry 
matter content of the sample. 


This 1s supported by a significant correlation 
value between total oxygen consumption and dry matter of .344. 


sinase activity is correlated to black 


spot incidence on a fresh weight basis 


(r 541*) but not on a dry weight basis (r = .161"5), 


*Significant at 99:1 odds 
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Taste 6.—The influence of variety and sampling data on the tyrosinase 
activity of potato tuber tissue. The data are expressed as cubic centimeters 
of oxygen consumed per gram of fresh or dry weight of tissue per hour. 


Sampling Dry weight! Fresh weight! - 
date Pontiac? Ontario? Me: Pontiac® Ontario® Mean 


Dec. 1: 16.03 14.47 2.41 
Jan. 15.78 18.92 
Feb. 13 10.74 14.56 
Mar. 12.95 16.54 


15.38 16.12 2.52 


| 


bow who 


'Variety sampling date interaction significant ; odds. 
“Varieties not significantly different. 

“Varieties significantly different at 99:1 odds. 

‘Sampling dates not significantly different. 


Discussion 

Work over a three year period demonstrated that irradiation increased 
the incidence of black spot. However, it was not definitely established 
what minimum dosage is necessary to induce an increase of commercial 
unportance. Under various conditions, dosages as low as 5,000 r and as 
high as 40,000 r were necessary to initiate the increase. Changes in tuber 
chemistry which influence susceptibility can vary greatly due to varietal 
characteristics, climatic conditions, cultural techniques and other possible 
unknown factors. The results reported here indicate more work should be 
done to determine the effects of irradiation on tuber quality before a 
practical application of it’s sprout inhibitory properties can be utilized. 

Although most of the other data on irradiation and ascorbic acid effects 
differ from these data, analyzing for ascorbic acid a few days after irradia- 
tion gives similar results. (4, 10,14). Research by Sereno, Highlands, 
Cunningham, and Getchell (14), indicates that ascorbic acid content is 
reduced 2 weeks after irradiation and then maintains a fairly constant level 
for 6 to 7 months at storage temperatures of 38 or 45° F. 

Unpublished data by Kelly and Somers, Federal Nutrition Laboratory, 
Cornell University, show that varieties which have different initial levels 
of ascorbic acid tend to maintain their relative positions during 200 days 
of storage. However, varieties high in the vitamin decrease at a more rapid 
rate than low varieties. Thus, the differences in ascorbic acid between 
Green Mountain variety and Pontiac and Ontario were probably greater 
at the me of treatment than those reported. 

The highly significant negative correlation between ascorbic acid and 
black spot incidence indicates that tubers high in ascorbic acid are rela- 
tively resistant to increases in black spot. Green Mountain variety can be 
considered more resistant to black spot increases caused by gamma irradia- 
tion because of a high ascorbic acid content, 

Such a resistance theory concerning ascorbic acid was proposed by 
Cooke (4). It was noted that plant species naturally high in ascorbic acid 
(cabbage) were more resistant to irradiation than species with medium 
(sovbean) or low (xanthium sp.) contents. This is the first time that 
differences in resistance has been noted within one species of a plant with 
differences in ascorbic acid levels. 
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The results concerning the sulfhydryl compounds were in apparent 
conflict with radiation results showing an oxidation of the sulfhydryl group 
to disulfide form (1,2). However, McArdle and Desrosier (7). showed 
that irradiated protein solutions such as casein and albumen, increased in 
sulfhydryl groups. These increases were apparently caused by protein 
degradation. Perhaps the sulfhydryl increase observed in potatoes is 
actually a measure of protein degradation in the potato tuber induced by 
irradiation. 

Total oxygen consumption by the enzyme tyrosinase, was not affected 
by irradiation dosage. These data are in agreement with the results of 
Sussman (18). When the results were expressed on a fresh or dry weight 
basis different effects were noted. The results suggested a positive relation- 
ship between dry weight changes and tyrosinase content. The primary 
effect of irradiation on tyrosinase was probably reflected through a 
change in the dry-matter content. 


CONCLUSIONS 


Research over a three vear period demonstrated that gamma irradi- 
ation of potatoes results in increased black spot. Specific dosages neces- 
sary to imitiate the imerease cannot be given because of vearly and 
variety variations. 

Irradiation decreased ascorbic acid content, increased glutathione 
content and modified the tyrosinase content as the dry matter was affected. 

No specific cause and effect relationship could be demonstrated 
etween black spot incidence and the content of ascorbic acid, glutathione 
or tyrosinase. High levels of ascorbic acid in the Green Mountain variety 
‘esulted in natural radio-resistance as measured by irradiation induced 
increases of black spot. 
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NEWS AND REVIEWS 
POTATO PROCESSING AND ITS FUTURE! 
A. MEeERCKER? 


Potato processing has been going on for centuries. Probably the 
oldest commercial form of processed potatoes is starch. 

Until about 1845, the only form of starch was potato starch. When 
the blight epidemics hit potatoes throughout the world and sent. their 
price up to about $10.00 a bushel it stimulated researchers to seek other 
starch material, and a process whereby starch could be made from corn 
was devised. There was some potato flour manufactured at this time also. 

The processing of potatoes for food has been going on for over a 
century. Potato chips were the first, followed by canned potatoes. Some 
potato flour and dehydrated potatoes were processed during World War 
I. The use of potatoes for flour declined after World War I and it was 
used only in the finest of pastry products and generally by small bakers. 
The quantity used for potato chips was small, being less than 3 million 
bushels annually up until about 1935. Up to 1940 less than 114% of 
our potato pr xluction was pre essed, 

Since 1940 there has been a continuous rise in the quantity of 
potatoes used for processed foods and a tremendous increase in the end 
products that are processed. About 21% of the large 1959 crop was 
processed, and probably 23% of the larger 1960 crop will be processed. 
The expectation is that about 97 million bushels of potatoes will be 
used for processing from the 1960 crop. This is a total increase of about 
10% over the quantity used from the previous year’s crop. (Tables 1 
and 2). 


Percentagewise, since 1951 production of frozen French fries has 
increased ninefold, and dehydrated and dried products, other than flour, 
six times. Potato chips have about doubled. There have been moderate 
increases in the processing of potatoes for flour and canning. and a 
larger increase in the use of potatoes for hash, stews and soups. 

Per capita consumption declined from 128 pounds in 1940 to 100 
pounds in 1951, after which it gradually rose until in 1959 it was up to 
110 pounds. The reversal of the downward trend was due to the increase 
in processing, which accounted for about 12 pounds of the per capita 
consumption from the 1951 crop and 31 pounds from the 1959 crop. 
However, consumption of fresh potatoes declined from 126 pounds in 
1940 to 83 pounds in 1951 and to a low of 79 pounds in 1959. 

It is my belief that the downward trend in the total per capita con- 
sumption has been permanently checked and that it will increase largely 
because of the convenience of preparation of processed products, their 
dependability as to quality and, last but not least, their attractive profit 
margins to the processor and handler. To substantiate this viewpoint, 
the National Food Opinion Panel recently made a survey of 7,618 home- 
makers in all areas of the Nation, of various ages, income levels and 
racial groups. They were asked what new foods they would like. Two- 


‘Accepted for publication September 30, 1960. Presented at the Forty-Fourth Annual 
Meeting of the Potato Association of America, Green Lake, Wisconsin. August 30), 
1960 


2Executive Director, National Potato Council. Washington, D.C. 
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Tas_e 1.—Prepared by National Potato Council. 
l’. S. Production, Utilisation and Use of Designated Potato Crops’? 


1940 1951 1959 19607 
Crop year 1,000 Bushels 
Production 375,920 $326,359 405,400 427.110 
Imports 930 2,309 1,190 2,000 
TOTAL SUPPLY 377,850 328,668 406,590 429,110 
Exports 2,495 6,707 5,358 4,000 
Shipments to territories 1,788 1,074 1,840 1,900 
TOTAL OFF SHORE SALES ; 4,283 7,781 7,198 5,900 
Available domestic use | = 373,567 320,887 399,392 423,210 
Used for seed 41,985 31,050 34,963 35,000 
Fed to livestock—shrinkage & loss® 37,238 19,664 35,790 49,000 
Starch® 8,030 10,540 16,700 
Alcohol® 

TOTAL NON-FOOD USE 87,253 81,293 100,700 

TOTAL FOOD USE 286,314 X 318,099 322.510 
Military use—Fresh i 6,500 6,500 
Est. Civilian use | 286,314 5, 311,599 316,000 
PROCESSED®* 
Flour® 400 2,500 2.500 
Dehydration®.* 2,62 17,000 22.700 
Canning 1,000 1.500 1,500 
Hash, Stews, Soups 500 1,200 2.500 2.500 
Frozen French fried 2,000 17,530 20,800 
Potato chips 4.500 22.760 47,000 47,000 
TOTAL PROCESSED 5.400 =30,080 88,030 97,000 
Est. Sold to restaurants? 40,000 59,000 65,000 65,0004 
Fst. Total used fresh in homes 240,914 166,492 158,569 154,000 
Used on farms 63,099 24912 16.250 18,000 
Purchased fresh for home use5 177.815 141.580 142.319 136.0005 
Civilian population July 1 (millions) . 134.0 153.2 174.5 
Per capita consumption Crop Yr.—Civilian Ibs. 128.0 100.1 110.0 
Per capita consumption Cal. Year—Pounds 121.0 108.0 103.0 109.9 
Per capita pounds used as foods 

Processed 1.9 11 

Fresh 126.1 83 
Processed per cent of production 1.4 9 


31.0 33.0 
79.0 74.0 
22.7 


'Source: Agricultural Marketing Service except as noted. 

“Production of August 1960 USDA Crop Report. All other figures in columns are 
estimates of the NPC Exports-Imports May through April. 

%Industry estimates. 

‘Includes an estimated 6,000,000 bushels of prepeeled potatoes. 

5Includes an estimated 85,000,000 bushels packed in consumer-size packages of 25 Ibs. 
or smaller. 

®Includes quantities processed to starch and flour or fed under the USDA diversion 
program. 

7Preliminary. 

REVISED August 1960, 


thirds of the women requested processors to offer more sizes and varieties 
of packaged foods, and they especially wanted, among several other 
items. more instant potatoes and gravy mixes. In other words, we have 
not fully developed the many new convenient high-quality products that 
the public wants. 

We already have about 20 different types and stvles of dried potatoes 
in various sized packages. We probably have 30 different types of frozen 
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TasLe 2.—Processed Potato Products. 


Crop Years 
1955 1956 1957 1958 1959 1960! 19611 


Million Pounds Finished Products 


Cube Ss, Slices, 
\u Gratin, Scalloped, 
Shreds, Patties, Etc. Lé 20 
Instant Mashed 
Granules 
Flakes ~ 20 
Frozen Prepared 
Potato Products 225 330 400 = 700 


Potato Chips 670 700 730 800 
1Estimated 


prepared potato products and we have not reached the end yet. Our 
sales ability has not been fully exerted. About 54% of the frozen pre- 
pared potato products are purchased by restaurants, about 50° of the 
granules are packaged in institutional-sized packages, and probably 25% 
of the flakes are in institutional sized packages. Potato shreds, dried 
patties, and slices are just beginning to be introduced to restaurants and 
hotels. 

The production of practically all processed potatoes is being in- 
creased, as stated above, the largest increase percentagewise has been 
in frozen prepared and dehydrated products. In 1951 potato chips com- 
prised 77°? of the total of all processed products. This dropped to 53% 
in 1959 and no doubt will drop below 506 in 1960. In areas where we 
have a measure of the quantity processed to food we note that of Idaho's 
1959 crop 41° was processed, four-fifths of it into food products, the 
other one-fifth into starch and flour. In addition, 5° was fed to livestock, 
leaving only 54 for sale in the fresh market or to be used for seed 
or for food on the farm where produced. In Maine, 15% of the crop 
was processed; in the Red River Valley 17% ; and in Washington 9%, 
In areas where we do not have a measure of the quantity processed into 
food, in my judgment, from 20% to 25° of the crops from Pennsylvania, 
Michigan, Western New York, New Jersey and Ohio are used for 
processing, mainly for potato chips, and an appreciable quantity is also 
processed from Wisconsin, Colorado and Utah. 

Of the early areas, South Carolina and the Hastings area of Florida 
sell about 50° of their production to potato chippers. Smaller quantities 
of the crops from Alabama, North Carolina and Virginia were sold to 
chip processors. Arizona sold 18% of its 1959 crop to potato chippers. 
The larger proportion used for processing, and the fact that fresh con- 
sumption was good, resulted in higher prices to the grower, so that 
the 1959 crop sold for an average of $2.27 per cwt., or nearly parity price. 


WHere Do We Go From HERE? 


The prospects for further increases for the short-term period (about 
five years) are good. The processor knows a great deal more about the 


OS | Vol. 38 
vy 
ie 
nat 


1961] MERCKER? POTATO PROCESSING AND ITS FUTURE 69 


food value and good eating quality of potatoes than does the handler of 
the fresh product. The processor also has close quality control super- 
vision. Therefore, he comes nearer to offering the public a continuous 
supply of about the same standard high-quality product at all times. The 
processor has more salesmen under the direction of a single head. The 
handlers of the processed products are large organizations. They advertise 
their products, and in 1959 they spent about 1414 million’ dollars to 
advertise them, of which about one-half was spent by the instant potato 
processors. In comparison, only about $305,000 was spent to advertise 
the fresh potato. 

The processor has initiative. good research organization and_ is 
developing new types of products that are meeting with popular appeal. 
The processors can look forward to an increase in the export of their 
product, with the possible exception of the frozen French fries. 

The outlook for the next five years is very good, provided we do 
not have an appreciable business recession. However, it may be neces- 
sary to do more educational work as to how to properly prepare the 
processed potatoes. This is particularly true of the instant’ mashed pota- 
toes. 

There is always the possibility of the relocation of processing plants 
to the areas of potato production, particularly to those areas that produce, 
over a period of years, a quality potato that is suitable for high quality 
potato chip production. 

Storage operations are bec mung larger in areas of production with 
close, efficient storage supervision. In most instances these operators are 
keen, capable judges of the potato market trends. Potato chip processors 
in distant producing ‘areas would have the disadvantage of not having 
close and nearby servicing, but. this may be overcome by the proper 
selection of wholesale food distributors. Jurisdictional labor problems may 
tend to bring a change in the location of plants and even in the consoli- 
dation of interests on the part of processors, producers, and distributors 
in order to strengthen their position at the bargaining table. 


LoNG-Time Ovtiook 


The development of better varieties for processing and for fresh dis- 
tribution would be helpful. I. firmly believe that we need more competition 
in the breeding of varieties for specific uses, and T recommend that this 
competition be provided for by an amendment. to the Plant Patents Act 
so that the breeder of a new variety would receive the same patent pro- 
tection that is afforded the breeders of all other agricultural commodities, 

The construction of seven new plants this year will provide enough 
capacity for the next few vears. We have not touched the horizon on the 
consumption of processed products, but. our productive capacity may be 
ahead of our ability to sell and consume. The field is wide open for the 
dried potato slices, au gratin potatoes, and some other forms that are 
being developed. 

For the long-time outlook, however. we can expect increased com- 
petition from overseas potato production. Currently our product is superior 
and we are expecting some of our dried potato products for use, not 
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only as table potatoes, but in the processing of meat and vegetable com- 
binations. However, as the processed products of other countries are 
improved attempts will be made to export them to the United States. 
We do have the advantage of some tariff protection. Raw material costs 
are higher abroad, particularly in Western Europe where potatoes are 
sold to processors on the basis of their solid matter, but they have the 
advantage of efficient labor at lower wage rates and a ridiculously low 
Water transportation rate to our Atlantic Coast ports when compared with 
our inland freight rates within the United States. 

The immediate outlook is bright, and the fact that we have been able 
to merease our per capita consumption from 100 pounds to 110 pounds, 
and the fact that our population has increased, has resulted in the in- 
creased use of potatoes for food from 159 million ewt. (265 million bushels) 
from the 1951 crop to 190 million ewt. (318 million bushels) from the 
1959 crop an increase of about 31 million ewt. or 53 million bushels. 
There is no one area that is going to capture the processing market, due 
to the fact that if too large a portion is located in one area the processors 
expose themselves to the hazards of production, such as weather, diseases 
and pests, and competition among themselves. 
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LP-GAS ON THE FARM 


An informative booklet for farmers, describing methods of increasing 
farming profits with liquefied petroleum gas equipment, has been issued 
by the National I.P-Gas Council. 

The 20-page four-color book, “I.P-Gas on The Farm,” includes 
detailed information on installation and maintenance costs as well as 
efficiency studies of ILP-Gas equipment on trucks, tractors, irrigation 
pumps. combines, balers, cotton pickers and other farm machinery. 

It also describes the more-recent uses finding widespread applications 
because of increased profit to farmers. These include pig farrowing, grain 
and nut drying, tobacco curing, and dairy equipment. sterilizing. Also 
included are poultry scalding, chick brooding and orchard heating. 

One of the newest uses for |.P-Gas is flame cultivation which elimi- 
nates weeds at substantial savings to farmers. Introduced less than two 
years ago, flame cultivation has been described as a process that will save 
farmers millions of dollars each year as its use becomes more widespread. 

Copies of the book are available for 25 cents per copy from the 
National 1.P-Gas Couneil, 1515 Chicago Avenue, Evanston, Illinois. 


RESULTS OF 1960 FUNGICIDE AND NEMATODE TESTS 


The “Results of 1960 Fungicide and Nematocide Tests” is now 
available. This report is issued annually by the American Phytopathological 
Society. Subcommittee on New Fungicide and Nematocide Data. This 
report serves as a medium for organizing and presenting the summarized 
results of current fungicide and nematocide testing projects. Much of the 
information is never otherwise published or made conveniently available. 
Information on products available for testing, composition of products 
and their sources are given. 

Copies of this report are available at $1.00 per copy when accom- 
panied by a remittance, $1.25 when invoiced and billed. Address orders 
to A. B. Groves, Winchester Fruit Research Laboratory, 2500 Valley 
Avenue, Winchester, Virginia. Make remittances payable to the American 
Phytopathological Society. 
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“LOOK AT MY FIELDS AND 
YOU'LL SEE WHY | LIKE THE 
SPEEDY VINE SHREDDER . . 
IT DOES A PERFECT JOB!” 


Tillett, Oslo, 


grower. 


Earl 


nesota, potato 


Yes, in potato growing areas, the 
Speedy Vine Shredder has been 
field proven under all possible con- 
ditions. Shreds vines with no vi- 
brating or jumping. . 
a superb job of cleaning the field. 


and does 


Even weedy vine-tangled fields are 
efficiently cleared. And economi- 
cally done, too. The Speedy Vine 
Shredder pulls effortlessly under 
the toughest field conditions. It dis- 
integrates all tvpes of foliage 

permitting faster, easier harvesting. 


Gentlemen: 


Please send me further 


NAME 
ADDRESS 


SEE FOR YOURSELF WHY POTATO GROWERS 
NATIONWIDE ARE ENTHUSIASTIC ABOUT 
THE SPEEDY VINE SHREDDER... 


SPEEDY MANUFACTURING COMPANY 
OELWEIN, IOWA 
| want to see the Speedy Potato Vine Shredder in action. 
arrange to give me your free, no-obligation demonstration in my field. 


information on 
the name of my nearest Speedy dealer. 


The Speedy Potato Vine Shredder 
costs just $790.00 F.O.B. Oelwein. 
lowa with steel knives . . $840.00 
with rubber flails. That’s a savings 
of up to $300 compared to other 
vine beaters. 


SEI 
Your Speedy dealer will demon- 
strate the Speedy Vine Shredder 
right in your own field. To arrange 


FREE DEMONSTRATION . . 


a free demonstration, mail this cou- 
pon or see your Speedy dealer. 


Please 


the Speedy Potato Vine Shredder and 
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give care. .givehope. . fight crippling! 


1921 
FORTY 


years of care 
19 61 


cs remember to doit TODAY! 
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CRIPPLED CHILDREN 
3 
4 


Sul-Po-Mag improves potato 
yields. It’s slowly water-soluble 

. resists leaching . . . feeds 
the crop all season long and 
supplies vital magnesium (de- 
ficient in many soils today) 
and potash in the low-chloride 
sulphate form. 


HIGH TOTAL SOLIDS OPEN TOP MARKETS 
BEST OPENER: SUL-PO-MAG 


You have to know your potatoes when it comes to potash. SPM 

This is one case where over-fertilization is just as bad as 

too little and too late. But, on the other hand, if you rely PREMIUM 

on soil tests and Sul-Po-Mag (in mixed goods or applied men * 

direct) you bypass a lot of worry and get the specific 

gravity (total solids) that helps avoid hollow hearts and 

watery tubers. No chlorine problem either... it’s prac- 

tically nil in Sul-Po-Mag. So before the hydrometer tells oun oe. 

all, apply Sul-Po-Mag in preplanting formulas and in your Approval when you 

value fertilizer 
*Trademark, International Minerals & Chemical Corporation 
AGRICULTURAL CHEMICALS DIVISION 
INTERNATIONAL MINERALS & CHEMICAL CORPORATION {wolte 


SPM-21-01R Administrative Center: Skokie, Illinois 
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YOUR SEED POTATOES WITH 


LOCKWOOD 


TRIPLE HEAD SEED CUTTER 


Five Sizes automatically separated on the Lockwood 
Cutter. One drop, 2 cut, 3 cut, 4 cut, and over- 
size. — Fresh cut seed always available with this 


automatic machine. 


DIP 


And protect your 
seed with this port- 
able 14 Ga. steel 
constructed di 
tank. Equipped with 
2 and a 
large drain outlet 


at bottom of tank. 


Rupee tate LOCKWOOD GRADERS 


Hereford, Texas 
Gilcrest, Colorado 
Tulelake, California 
Grand Forks, N. D. 


GERING, NEBR. 


(HOME OFFICE) 


Monte Vista, Colo. DEALERS IN PRINCIPAL POTATO AREAS 


FACTORY OUTLETS 
Antigo, Wisc. 
Quincy, Wash. 
Hastings, Florida 
Six Lakes, Mich. 
Bakersfield, Calif. 
Presque Isle, Maine 
Idaho Falls, Idaho 


| 
j 
= 
= 
4 


FOR THE RIGHT START 
TOWARD A QUALITY CROP 


PLANT 


MAINE CERTIFIED 
<< SEED POTATOES 


Grown by Experienced Seed Growers in NATURE'S POTATOLAND — 
Growers who take advantage of the MAINE SEED POTATO 
IMPROVEMENT PROGRAM WHICH INCLUDES — 

@ State Operated Super Foundation Seed Farm 

@ Roguing Service 

@ Florida Test 


@ Certification by Trained and Experienced Inspectors. 


MAINE CERTIFIED SEED can be bought on contract during any 
month of the year. 


Contact Your Dealer Today. 


28 Varieties Available in the Size and Grade You 
Need. 


MAINE DEPT. OF AGRICULTURE 


DIVISION OF PLANT INDUSTRY 
STATE OFFICE BUILDING 


AUGUSTA 
PAUL J. EASTMAN, Chief 


Division of Plant Industry E. L. NEWDICK 
Tel. Mayfair 3-451! Commissioner of Agriculture 
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